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Health communications can be an effective way to increase positive 
health behaviors and decrease negative health behaviors; how- 
ever, those at highest risk are often most defensive and least open 
to such messages. For example, increasing physical activity among 
sedentary individuals affects a wide range of important mental 
and physical health outcomes, but has proven a challenging task. 
Affirming core values (i.e., self-affirmation) before message exposure 
is a psychological technique that can increase the effectiveness of 
a wide range of interventions in health and other domains; however, 
the neural mechanisms of affirmation’s effects have not been 
studied. We used functional magnetic resonance imaging (fMRI) to 
examine neural processes associated with affirmation effects during 
exposure to potentially threatening health messages. We focused 
on an a priori defined region of interest (ROI) in ventromedial pre- 
frontal cortex (VMPFC), a brain region selected for its association 
with self-related processing and positive valuation. Consistent with 
our hypotheses, those in the self-affirmation condition produced 
more activity in VMPFC during exposure to health messages and 
went on to increase their objectively measured activity levels more. 
These findings suggest that affirmation of core values may exert 
its effects by allowing at-risk individuals to see the self-relevance 
and value in otherwise-threatening messages. 


self-affirmation | fMRI | behavior change | VMPFC | physical activity 


Promoting physical activity and decreasing sedentary behavior 
are major strategies to manage and prevent chronic diseases 
(1-16). In particular, sedentary behavior increases risk, inde- 
pendent of other types of activity, and exchanging sedentary for 
even light activity has physiological and psychological benefits 
(17-23). However, sedentary lifestyle is still prevalent despite 
worldwide efforts to increase activity; according to the World 
Health Organization, “60% to 85% of people in the world— 
from both developed and developing countries—lead sedentary 
lifestyles” (24). Thus, effective, theory-driven behavior change 
interventions are critical (25, 26). 

One major difficulty in decreasing sedentary and other health 
risk behaviors through health communication tools is that self- 
relevant health messages can be perceived to be threatening to 
self-worth and are often met with resistance. This phenomenon 
speaks to a classic and problematic paradox: those at highest risk 
are likely to be defensive, reducing openness to altering risk 
behaviors (27). 


Self-Affirmation 


One way to reliably decrease defensiveness and increase re- 
ceptivity to potentially threatening health messages is through 
self-affirmation. Self-affirmation is a process of thinking or 
writing about one’s core values. This psychological technique 
has been effective in augmenting interventions across multiple 
domains (28, 29), including increasing physical activity behavior 
(30, 31). Affirmation of core values (self-affirmation) preceding 
potentially threatening messages can reduce resistance and 
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increase intervention effectiveness (30-39). Therefore, one way 
to increase receptivity to messages discouraging sedentary be- 
havior among sedentary individuals may be to affirm their core 
values in unrelated domains before exposure to the messages. 

There are still many open questions, however, regarding 
mechanisms that underlie self-affirmation’s effects (29, 35); as 
summarized by Cohen and Sherman (29), a simple pathway 
explaining the effects of affirmation has not yet been pinned 
down. This may be due to the difficulty of assessing how values 
are processed and how they lead to subsequent receptivity, in 
vivo. Understanding the mechanisms may allow us to create 
more efficient and effective interventions across behavior cate- 
gories. To this end, Cohen and Sherman (29) suggest the fol- 
lowing: “Future research should examine a range of mechanisms 
and mediators at different levels of analysis, including the neural 
activity of the affirmed mind....” (29). Given that the effects of 
self-affirmation most often occur without explicit awareness (40), 
neuroimaging techniques such as functional magnetic resonance 
imaging (fMRI) may be uniquely positioned to assess some 
components of affirmation’s effects (41). Neural responses can 
be recorded as affirmation and subsequent persuasion occur, 
without requiring self-report assessments that could interfere 
with the message recipient’s natural thought processes. In sup- 
port of this idea, our team has used neural predictors to augment 
understanding of health behavior change in response to inter- 
ventions in other domains (42-50). 


Significance 


Self-affirmation is a psychological technique that is effective 
in increasing receptivity to interventions across domains from 
promoting health behaviors in high-risk populations to im- 
proving academic performance in underrepresented groups. 
The neural mechanisms that lead to affirmation’s success, 
however, are not known. We show that neural responses as- 
sociated with self-related processing and value in response 
to an otherwise-threatening health communication interven- 
tion can be changed using self-affirmation; furthermore, these 
neural responses predict objectively measured behavior change 
in the month following the intervention. These findings suggest 
that self-affirmation may exert its effects by allowing at-risk 
individuals to see the self-relevance and value in otherwise- 
threatening messages and provide a framework for studying 
neural effects of self-affirmation more broadly. 
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Potential Neural Mechanisms of Affirmation 


The current investigation examines neural activity associated 
with the effects of self-affirmation on processing health risk 
messages related to sedentary behavior in sedentary adults. We 
focused on the brain’s ventromedial prefrontal cortex (VMPFC) 
during exposure to potentially threatening health messages em- 
phasizing the need to be more active and less sedentary in a 
group of sedentary adults. VMPFC is the most common region 
implicated in self-related processing (51) and is also a key region, 
along with the ventral striatum, implicated in positive valuation 
of stimuli (52). In addition, VMPFC has been consistently as- 
sociated with behavior change in response to health messages in 
prior work (44—46, 50). This prior research has suggested that the 
link between VMPFC activity during health message exposure 
and behavior change may stem from a recipient’s ability to 
process a health message as self-relevant or as having value to 
oneself. Thus, we hypothesized that if affirmation allows people 
to see otherwise-threatening information as more self-relevant 
and valuable, delivering self-affirmation before health messages 
should increase neural activity in VMPFC during message ex- 
posure. In addition, we hypothesized that internalizing the mes- 
sages in this way would be associated with subsequent behavior 
change. More specifically, we hypothesized that increased neural 
responses within the VMPFC during message exposure would 
predict behavior change consistent with the messaging. In this 
case, we expected that increased activity in VMPFC in response 
to health messages should be associated with decreased sedentary 
behavior following the scan. 


Results 


Changes in Sedentary Behavior. We measured physical activity 
using wrist worn accelerometers (Methods and SI Methods). At 
baseline, participants were sedentary an average of 50.6% of 
their valid/awake time (SD, 14.0%; range, 21-84%), which is 
close to the national average (53). On average, controlling for 
baseline sedentary behavior and demographics, participants 
showed significant declines in their sedentary behavior over 
time in the month following exposure to the health message 
intervention (Ytime = —0.001; t = —3.49; P = 0.0005). 


Effects of Affirmation on Brain Activity and on Behavior Change. On 
average, participants who were affirmed showed greater activity 
during exposure to the health messages within our hypothesized 
VMPFC region of interest (ROI) compared with those who 
were unaffirmed, controlling for baseline sedentary behavior 
and demographics [B = 0.15, t84) = 2.10, P = 0.04; Fig. 1A]. For 
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Fig. 1. 


whole-brain effects of self-affirmation during exposure to health 
messages, see Table 1. We next examined the effect of self-affir- 
mation on changes in sedentary behavior over time, controlling 
for baseline levels of sedentary behavior and demographics. 
Those who were in the affirmation condition decreased their 
sedentary behavior more over time following exposure to health 
messages (condition by time), compared with those in the control 
condition (Ytime x condition = —0.002, t = —2.68, P = 0.008; 
Fig. 1B). 


Neural Activity During Health Messages Predicts Changes in Sedentary 
Behavior Distinct from Self-Reports. We next examined whether 
neural activity in our hypothesized VMPFC ROI during mes- 
sage encoding predicted changes in sedentary behavior over 
time following the scanner intervention. Those who showed 
greater activity in VMPFC during health message exposure 
also showed greater declines in sedentary behavior after the 
scan (YvmMPFC x time = —9.006, t = —3.04, P = 0.002; Fig. 2B). 
Finally, we examined whether the variance explained by neural 
activity overlapped with that explained by participants’ self- 
reports following the intervention. We observed significant 
relationships between self-reported self-standards and behavior 
change and between self-reported attitudes and behavior change 
(SI Results). To determine whether neural activity during health 
messages captures different information that that predicted by 
self-report measures, we next examined whether the relation- 
ships observed between affirmation condition and changes in 
sedentary behavior as well as neural activity in VMPFC during 
message exposure and behavior change held controlling for these 
measures (e.g., attitudes toward physical activity; self-standards 
as someone who can increase physical activity). All previously 
observed relationships between affirmation, neural activity, and 
behavior change remained significant when controlling for our 
attitude and self-standard measures. This suggests that the 
effects of affirmation and consequent neural activity in VMPFC 
during message exposure are explaining additional variance in 
the behavior change beyond those predicted by self-reports. 


Discussion 


Self-affirmation has been effective in augmenting interventions 
across a number of domains; however, the neural mechanisms 
supporting its effects have not been studied (29). We manipu- 
lated exposure to an f{MRI-compatible affirmation intervention 
before exposure to health risk messages in a group of sedentary 
adults (54). Our results demonstrated that participants who re- 
flected on their highest value during the self-affirmation exercise 
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Effect of affirmation on neural activity in VMPFC and on behavior change in the month following the scan. Participants who were affirmed showed 


(A) greater activity in VMPFC during exposure to health messages and (B) greater declines in sedentary behavior in the month following the scan than 
participants who were unaffirmed, controlling for baseline sedentary behavior and demographics. 
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Table 1. Whole-brain results comparing neural activity during 
health message exposure for affirmed > unaffirmed participants, 
P < 0.005, k = 20 


Region x y z k t 

Ventral striatum 5 1 1 33 3.41 
Posterior cingulate -9 —36 13 78 3.41 
Precuneus 1 -70 37 31 3.49 
Superior frontal gyrus 15 36 55 26 3.22 


Middle temporal gyrus —60 5 -8 33 3.64 


No cerebral activity was greater for unaffirmed > affirmed participants. 


went on to have greater activity in VMPFC during message ex- 
posure, which in turn was associated with declines in sedentary 
behavior. These data are consistent with a model of affirmation 
that emphasizes increased receptivity to otherwise-threatening 
health information as a function of successful affirmation (29, 
55). Our data add clarity to the picture of one aspect of what it 
means to be successfully affirmed; the neural results obtained 
emphasize the idea that self-affirmation may allow increased 
processing of potentially threatening health information as more 
self-relevant and valuable to at-risk individuals. Neural data 
cannot speak to the specific types of self-worth upon which 
individuals might draw, nor whether such increases in self- 
related processing stem from drawing on one or multiple distinct 
sources of self-worth. They also do not address whether increases 
in self-processing stem from maintaining prior levels of self- 
worth in the face of new information that otherwise would pose 
a threat (55), or why thinking about important values should 
increase self-relevance and valuing of potentially threatening 
information (although others have offered evidence concerning 
these mechanisms: e.g., refs. 34 and 56-58). Further develop- 
ment of mappings between theory and evidence at different 
levels of analysis will allow more specific linkage of psychological 
and neural evidence. 

More immediately, however, the neural results do link path- 
ways of successful affirmation with other successful methods for 
health intervention. For example, these results also speak to 
potential mechanisms explaining prior findings that demonstrate 
relationships between neural activity in VMPFC and health 
behavior change (e.g., refs. 42, 45, 46, and 59). The current study 
provides the first experimental evidence (to our knowledge) that 
changing activity within VMPFC alters subsequent trajectories 
of health behavior change. In past work, neural activity in VMPFC 
during exposure to messages designed to increase sunscreen use 
(45) and decrease smoking (46, 59) has predicted message- 
consistent behavior change up to 1 mo after message exposure, 
but these results have been correlational. The experimental 
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manipulation of neural activity in VMPFC via a self-affirmation 
manipulation adds substantially to prior findings. It is possible that, 
in past work, those individuals whose responses to health messages 
were spontaneously more like those of our affirmed participants 
(i.e., experiencing self-relevant value in health messages) would 
have the most success in changing their behaviors. Furthermore, 
neural responses within VMPFC have forecasted population-level 
public health campaign success (44). It is possible that, despite not 
containing explicit affirmations, messages that elicit less defen- 
siveness and more self-related processing across participants are 
also those that go on to have success at larger scales. 

Thus, the current study adds additional confidence concerning 
psychological processes that may underpin previously observed 
effects of self-affirmation and also suggests an experimental 
method for altering activity within VMPFC during other types 
of interventions that may be of use to investigators in other 
domains. The use of a scanner-compatible affirmation paradigm 
allowed us to uncover mechanisms of affirmation on subsequent 
receptivity to health messaging measured objectively via accel- 
erometers. The study’s longitudinal design also allows examina- 
tion of affirmation effects that are initially triggered during the 
scanned intervention and reinforced over time via short message 
service (SMS) text messages. As with any neuroimaging study, 
the psychological functions of the neural activity observed should 
be interpreted with caution pertaining to reverse inference as the 
VMPFC serves many psychological functions (60). Our strong 
a priori hypothesis, and convergence with prior research on 
behavior change, however, suggests that the explanations offered 
are parsimonious. 


Conclusion 


In sum, self-affirmation is a method for up-regulating activity 
within the VMPFC during exposure to health messages. The 
present findings support a model in which affirmation allows 
people to see otherwise-threatening information as more self- 
relevant and valuable. Affirmed (compared with unaffirmed) 
participants showed greater activity within VMPFC during ex- 
posure to targeted health messages and the degree of this activity 
predicted the trajectory of objectively measured sedentary be- 
havior in the subsequent month. These findings begin to build 
a picture of the neural mechanisms of affirmation and suggest 
promise in creation of interventions that prime participants to 
view information in ways that they can internalize. 


Methods 


Participants. A community sample of sedentary adults (n = 67; 41 females; 
mean age, 33.42 y; SD, 13.04; 44 white, 12 black, 3 Asian, 1 Hispanic, 7 other) 
was recruited for a study on “daily activities” to avoid biasing recruitment in 
favor of people who would want to sign up for a physical activity study 
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(A) VMPFC ROI. (B) Participants who showed higher levels of VMPFC activity during exposure to health messages subsequently decreased their 


sedentary behavior more in the month following the scan, controlling for baseline sedentary behavior and demographics. 
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Table 2. Baseline demographic characteristics by condition 


Participant Affirmation Control 
characteristics (n = 22) (n = 24) Statistic 
Demographic 
Age, y 33.65 (13.53) 30.09 (13.07) F = 0.44 
Female, % 56.5% 62.5% x? = 0.17 
Caucasian, % 69.6% 66.7% a = 0.20 
Education, y 16.95 (3.29) 16.39 (3.30) F = 0.48 
Employed, % 78.3% 83.3% x? = 0.20 
Baseline characteristics 
BMI 27.27 (6.01) 28.01 (4.79) F = 0.21 
Baseline accelerometer 46% 54% F=3.22* 


% of day sedentary 


Mean values are displayed with SDs in parentheses where applicable. 
+P < 0.10. 


and might be less defensive (Table 2). To be included at the baseline 
screening, participants had to report engaging in less than 195 min per week 
of walking, moderate, and vigorous physical activity [using short-form In- 
ternational Physical Activity Questionnaire (IPAQ) criteria; mean reported 
minutes of activity at intake, 123.53; SD, 49.52]. Participants also met stan- 
dard fMRI safety criteria (no metal in body, not claustrophobic, not preg- 
nant) and were right handed. Participants with histories of major health 
problems or mental illness were excluded. On average, participants were 
overweight [mean body mass index (BMI), 27.99; SD, 6.84; range, 18.2- 
54.86]. Due to attrition, the final sample consisted of 67 participants at T1, 
61 at T2, and 60 participants at T3. In addition, we lost data from an addi- 
tional 15 subjects due to excessive movement (n = 2) or technical difficulties 
in scanning (n = 1), equipment failure (n = 11), or damage (n = 1), resulting 
in a final sample of 45 participants with both neuroimaging and acceler- 
ometer data. Years of education was not reported for three participants and 
age was not reported for one participant. These participants were thus ex- 
cluded from models controlling these variables; results remain substantively 
unchanged, however, with or without these participants. This research was 
approved by the institutional review board at the University of Michigan. 


Procedure (Fig. 3). During screening, participants answered self-report mea- 
sures of their exercise behavior during the week prior (IPAQ) to identify 
sedentary adults most in need of intervention (and most likely to be 
defensive in response to risk messages). They also reported their weight and 
height from which BMI scores were derived. Eligible participants were re- 
cruited to complete a baseline appointment (T1), an fMRI appointment (T2) 
approximately 1 wk later [mean (M), 9.35 d; SD, 6.16], and an endpoint 
appointment (T3) approximately 1 mo after T2 (M, 35.92 d; SD, 7.19). 

At T1, participants completed an initial values ranking that was used in the 
affirmation intervention, a range of individual difference measures (S/ Methods), 
and baseline measures to calibrate their later activity. More specifically, 
during the T1 appointment, they were fitted with a wrist-worn accelerometer 
device used during the duration of the study to monitor participants as they 
completed a range of activities including walking at their usual pace along 
a hallway, climbing stairs, and sitting for at least 30 min (calibration). Par- 
ticipants continued to wear the wrist-worn accelerometers for the week 
between T1 and T2, which served as their baseline (preintervention) 
activity period. 

During the T2 fMRI session, participants completed a series of tasks (de- 
scribed below) including a values-based self-affirmation or control task, and 
a health message intervention. All tasks were presented on a scanner-com- 
patible screen at 800 x 600-pixel resolution using Presentation (NeuroBehavioral 
Systems), and responses were collected using a five-button response device 
attached to the participant's right wrist. 

After the T2 intervention, participants continued to wear their accel- 
erometers for an additional month. In addition, participants received one 
value affirmation and one health message per day, drawn from the same value 
and health messages shown during the primary health message intervention, 
via their mobile phones for a month leading up to their third visit. At the final 
T3 endpoint visit, participants returned their accelerometers, completed a final 
set of surveys, and were debriefed, paid, and thanked for their participation. 


Measures. 


Physical activity behavior. Our primary outcome of interest was changes in 
objectively measured sedentary behavior using accelerometers; given our 
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focus on sedentary adults, and the fact that exchanging sedentary for even 
light activity is known to have physiological and psychological benefits (17- 
20), we focused on the proportion of each day that participants were sed- 
entary. More specifically, we collected accelerometer data during a baseline 
measurement week and for 1 mo following the intervention (Fig. 3) using 
a triaxial GENEA accelerometer (61) worn on the left wrist (all participants 
are right-handed; see S/ Methods for details). Subjects were encouraged to 
maintain 24/7 wear of the water-proof accelerometers for the baseline week 
before the fMRI appointment and during the month following (62-65). 

We defined sedentary behavior according to measurements taken during 
the T1 laboratory calibration in which participants performed a number of 
activities including at least 30 min of sedentary activities such as completing 
surveys while seated at a computer terminal; the peak acceleration during this 
30-min period was used to determine appropriate cut points for each par- 
ticipant such that activity below that threshold was tagged as “sedentary.” 
Using the sedentary cut points defined during the T1 laboratory session, we 
computed the proportion of each day that participants were sedentary. 
Baseline sedentary behavior scores were averaged across the full 1-wk pe- 
riod to establish a baseline sedentary score for each participant repre- 
senting the average proportion of the day that participants were sedentary. 
Demographics and self-report measures. At baseline (T1), participants reported 
their age, sex, years of education, and race/ethnicity; the race/ethnicity 
variable was converted into a binary variable indicating white vs. minority 
status. At baseline (T1) and directly following the scan (T2), participants also 
completed measures common to several major theories of health behavior 
change (66) (see S/ Methods for full details). 


Scanner Tasks. On the day of the T2 scan, participants were randomly assigned 
between subjects to either a self-affirmation intervention or a control con- 
dition that we developed based on standard affirmation paradigms but 
adapted to the fMRI scanner (54). Following their assigned affirmation or 
control intervention, they were exposed to messages emphasizing their 
health risk, given their current levels of sedentary behavior. 

Self-affirmation manipulation. At baseline intake (T1), all participants were 
presented with a list of eight values (i.e., creativity, friends and family, humor, 
independence, money, politics, religion, spontaneity) and asked to rank- 
order these values in terms of importance to them. During the T2 fMRI in- 
tervention session (1 wk later), participants underwent either an affirmation 
or control manipulation while neural activity was recorded using fMRI. We 
adapted a commonly used self-affirmation strategy [the use of questions 
about value-relevant topics to allow participants to express core values (35)] 
to the neuroimaging environment (54). Through answering value-relevant 
questions, participants in the self-affirmation condition were provided with 
an opportunity to think about situations that allowed them to express and 
connect with their highest ranked value (e.g., if religion was the top-ranked 
value, “Think of a time when religious values might give you a purpose in 
life”), as well as value-neutral control situations (e.g., “Think of a situation 
when you might check the weather”). Participants in the control condition 
were presented with a series of situations pertaining to their lowest ranked 
value and value-neutral control situations, identical to the ones presented in 
the affirmation condition. For additional details on this task, see ref. 54. 
Health message intervention. All participants in both affirmation and control 
conditions received the same 50 messages targeting sedentary, high-BMI 
adults (S/ Methods). Each message block consisted of an initial suggestion 
(5 s), followed by a reason why participants should increase their activity or 
decrease their sedentary time (7 s), or how participants might think about 
implementing the suggestions, using simple text and pictograms (Fig. 4). At 
the end of each block describing why to be less sedentary/more active or 
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Fig. 4. fMRI task design. 


how to be less sedentary/more active, participants had a brief reflection 
period (6 s) in which they were asked to envision how they would apply the 
message in their own life. Blocks were separated by fixation rest periods 
(2.5 s); every seventh block contained a longer (12-s) block of rest. The task 
also included blocks with advice regarding other daily behaviors unrelated 
to physical activity that are not the focus of the current investigation (n = 20; 
task timing same). During the month following the intervention, the mes- 
sages were reinforced via SMS text messages (S/ Methods). 


Analysis. 

fMRI data acquisition and analysis. The imaging data were acquired on a 3-T GE 
Signa MRI scanner. During the acquisition of the high-resolution structural 
images, participants were asked to complete a mental self-affirmation task 
following prompts relating to their highest (experimental group) or lowest 
(control group) value. This was immediately followed by one functional run 
of the affirmation task (323 volumes total) and two runs of the message task 
(308 volumes each; 616 volumes total). (Note: For the first six participants, 
a slightly longer version of the task was used, in which the affirmation 
task was split into two runs of 209 volumes each and the physical activity 
task was split into three runs of 257 volumes each.) The data were acquired 
and preprocessed using a standard processing stream (see S/ Methods 
for details). 

Fixed-effects models of health message exposure were constructed in 
SPM8 for each participant that included regressors for each message type 
(risk messages, how to be active, how to be less sedentary, why to be active, 
why to be less sedentary, how to perform other daily activities, why to 
perform other daily activities) and the corresponding response periods. 
Movement parameters (a total of six rigid-body parameters, three for 
translation and three for rotation) derived from spatial realignment were 
also included as nuisance regressors in all first-level models. Data were high- 
pass filtered with a cutoff of 128 s. Contrasts were computed, averaging across 
the 50 health messages focusing on being more active and less sedentary, and 
comparing activity during those messages to rest. Second-level random- 
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effects models were constructed that averaged across participants and were 
subjected to further ROI and between-groups analysis (described below). 
ROI analysis and prediction of health behavior change. Our primary hypotheses 
focused on a subregion of VMPFC that has been associated with health 
behavior change in a number of prior investigations (45, 46, 59). This VMPFC 
ROI encompasses 1,232.00 mm? at the border of Brodmann areas 10 and 11 
(Fig. 2A). Parameter estimates of activity during the 50 health messages 
compared with rest were extracted using MarsBaR (67), an ROI toolbox 
for SPM. We then computed a series of models in R (68) that examined our 
hypothesized relationships between self-affirmation, neural activity in 
VMPFC, and changes in sedentary behavior in the month following the 
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Finally, to examine whether neural activity overlaps with what is explained 
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